Electronic cigarettes (e-cigarettes) are a growing public health concern because of a dramatic increase in use by adolescents and the uncertainty of potential health impacts. These health concerns and lack of an established federal regulatory scheme have led many local and state governments to address the regulatory void for e-cigarettes by incorporating them into the statutory definition of tobacco or by passing laws specific to the use of e-cigarettes. In August 2016, the US Food and Drug Administration issued a final rule deeming e-cigarettes within their authority; providing uniform requirements like premarket approval applications, Harmful and Potentially Harmful Constituents reporting, and warning labels; and establishing 18 years as a minimum age of purchase. Although the impact on the public's health remains uncertain, regulations and laws governing e-cigarettes continue to develop. This review highlights the available data regarding safety and public health impacts of e-cigarettes and details the status of US regulations and policies affecting their sale and use.
INTRODUCTION
The use of electronic cigarettes (e-cigarettes) has significantly increased in recent years, most alarmingly among young individuals. This is a growing public health concern, because the ingredients in these products, their potential health impacts on users, and their "secondhand smoke" exposures to nonsmokers are uncertain.
Until recently, e-cigarettes generally were not regulated at the federal or state level. Because many e-cigarettes contain nicotine derived from tobacco and not tobacco itself, many traditional tobacco-related laws did not apply. To remedy this regulatory void, the US Food and Drug Administration (FDA) issued a final rule in 2016 deeming e-cigarettes within the scope of the 2009 Family Smoking Prevention and Tobacco Control Act, 1 while states and localities retained their authority to further restrict sale and usage. This report highlights the available data regarding the safety and public health impact of electronic cigarettes and details the status of relevant US regulations and policies.
HISTORICAL OVERVIEW: WHAT IS AN ELECTRONIC CIGARETTE?
In 1963, Herbert A. Gilbert invented a mechanism to replace burning tobacco for a flavored, smokeless steam. 2 The first commercially successful version of the product, however, was not available until 2004 and was patented by the Chinese pharmacist Hon Link. 3 ,4 E-cigarettes arrived in the United States in 2006, and sales have risen rapidly since 2007. 4 E-cigarettes are often designed to mimic the look and feel of traditional cigarettes and to create an aerosol that may contain nicotine. 4, 5 Most brands are marketed as lower cost, tobacco-free, or smoke-free alternatives to traditional cigarettes. 5 Marketing campaigns promote broad appeal: a variety of flavors, designs, and devices ideal for regular smokers or individuals trying the products for the first time. 6 E-cigarette marketing campaigns focus on the absence of actual tobacco and the related smell and ash as well as the idea of a more socially acceptable form of nicotine consumption. 7 The appeal of e-cigarettes also comes from low cost, low environmental impact, and less disturbance to nonsmokers. 7 The main components of e-cigarettes include: a mouthpiece; a cartridge, which may contain nicotine; an atomizer; a battery; and an indicator light. 8 In many respects, most e-cigarettes are like their conventional counterparts: both provide nicotine to the user, who exhales a cloud of "smoke." 9 Although manufacturers claim that negative health risks can be reduced if smokers of traditional cigarettes transition to e-cigarettes and that e-cigarettes contain fewer cancer-causing substances than traditional cigarettes, with limited research available, the actual health impact of these devices is unknown.
PUBLIC HEALTH IMPLICATIONS OF E-CIGARETTES
The decrease in conventional cigarette use in the United States over the past several decades has been a major triumph for public health. In contrast, the use of e-cigarettes has increased substantially in recent years. During 2012 through 2013, 1.9% of adults used e-cigarettes on a regular basis (every day or some days). 11 On the basis of data from the 2014 National Health Interview Survey for adults aged 18 years and older, 3.8% of working adults (5.5 million individuals) were current e-cigarette users. 12 E-cigarette use is significantly higher among young adults (ages 18-24 years) than among adults ages 25 years and older. 4 Rates of e-cigarette use are higher among adults from certain underserved populations, including individuals without a high school diploma or equivalent (3.8%), without health insurance (5.9%), or with an annual family income less than $35,000 (5.1%). 4 ,12 E-cigarette use is also significantly higher among current cigarette smokers (16.2%) and smokeless tobacco users (9.7%), who are already at increased risk for cancer and other tobaccocaused illnesses. 12 The prevalence of e-cigarette use has also increased dramatically among adolescents. On the basis of data from the National Youth Tobacco Survey, the proportion of students in grades 6 through 12 who have ever used ecigarettes increased from 3.3% in 2011 to 27% in 2015. 4 The percentage of middle school students in the United States who used e-cigarettes in the past 30 days increased from 0.6% in 2011 to 5.3% in 2015. 13 Indeed, as of 2014, e-cigarettes became the most commonly used tobacco product among youth, surpassing conventional cigarettes. 4 In 2015, rates of e-cigarette use in the past 30 days among eighth-grade, 10th-grade, and 12th-grade students were 6.8%, 10.4%, and 10.4%, respectively, and the 30-day rates of conventional cigarettes use were 1.4%, 2.2%, and 5.3%, respectively. 4 Particularly among younger populations, ecigarettes may have an increased risk of harm. For example, among a population of 11th-grade and 12th-grade students in California, e-cigarette use was associated with twice the risk of respiratory symptoms, and the risk increased with more frequent e-cigarette use.
14 In addition, e-cigarette users in the sixth through 10th grades were more likely to report that e-cigarettes were not harmful and not addictive than youths who did not use e-cigarettes. 15 Lower perceived harm of e-cigarettes is also associated with an increased likelihood of trying e-cigarettes. 4 Perhaps related to these beliefs, adolescent e-cigarette users are significantly more likely to initiate conventional cigarette smoking and use of other tobacco products than are those who do not use e-cigarettes, [16] [17] [18] and e-cigarette use among high school students is negatively associated with smoking cessation. 19 E-cigarettes have been proposed as a "harmreduction" approach for smoking cessation; that is, use of e-cigarettes could provide conventional cigarette smokers with nicotine but avoid other harmful ingredients in tobacco. A survey of e-cigarette users indicated that more than one-half (56%) reported using them to quit or reduce conventional cigarette use. 20 A full discussion of the potential for "harm reduction" with e-cigarettes and the balance of their harms versus benefits is beyond the scope of this review; the literature in this area is already large, continuing to grow, and often contradictory. However, the US Preventive Services Task Force reported that current evidence regarding the use of e-cigarettes for smoking cessation is insufficient. 21 A Cochrane review reported that e-cigarette use can increase smoking cessation compared with placebo but not compared with the nicotine patch; the small number of trials and wide confidence intervals in that review led to a "low" confidence rating in their results. 22 Similarly, a recent systematic review indicated that the quality of evidence regarding the use of e-cigarettes in helping smokers quit was very low to low, and the evidence on smoking reduction with ecigarettes was very low to moderate. 23 Although most of the studies included in that review reported a positive correlation between e-cigarette use and smoking cessation, the evidence remains inconclusive because of the low quality of the research published to date.
The impacts of uncertainty regarding the potential harms and "harm-reduction" properties of e-cigarette use are illustrated in a recent model examining a representative cohort of 15 year olds over a 71-year period. 24 The model includes individuals who would have started smoking traditional cigarettes but used e-cigarettes instead (decreased harm) and individuals who would never have started smoking but initiated e-cigarette use (increased harm). Assuming that the health risks of e-cigarettes are only 5% of those associated with cigarettes (ie, a 95% harm reduction compared with traditional cigarettes), the model indicated a net public health benefit with decreased smoking-attributable mortality. However, others have criticized this model, arguing that e-cigarettes may have substantially smaller harm reduction, perhaps only 50% (rather than 95%) of the adverse health effects of traditional cigarettes, which would drastically change the projected public health impacts.
Other recent reports have been mixed with regard to the impact of e-cigarette use on smoking cessation, 27, 28 and many or most e-cigarette users concurrently use conventional cigarettes. [29] [30] [31] Zawertailo et al reported that concurrent use of e-cigarettes among smokers who were receiving standard smoking-cessation treatment was negatively associated with abstinence from tobacco use at 3 and 6 months, even after adjusting for comorbidities. 32 Among eighth-grade, 10th-grade, and 12th-grade students, the combined use of e-cigarettes and conventional cigarettes was more common than the use of conventional cigarettes alone. 4 Despite the absence of tobacco, many ingredients commonly included in e-cigarette liquids can have harmful effects when inhaled, 4, 33, 34 although exposure to aerosolized carcinogens and toxins may be decreased among ecigarette users compared with conventional cigarette users. 35, 36 Nicotine and other potentially harmful chemicals are also present in the aerosols emitted by e-cigarettes, which could result in "secondhand" exposures to nonsmokers. 37 Beyond the chemical harms, there are concerns that e-cigarette use will lessen the negative attitudes and prohibitions that have developed in US society regarding cigarette use (ie, the potential to "normalize" cigarette smoking), 38 possibly leading to increased initiation or use of other types of tobacco products.
Overall, e-cigarettes have the potential to significantly harm the public's health, with particular concern for the health of adolescents and individuals from certain underserved populations. Although more information on the health effects of e-cigarette use is needed, including their potential to assist with smoking cessation among established smokers, it is important to develop regulations to reduce current e-cigarette use and exposure.
REGULATION OF E-CIGARETTES IN THE UNITED KINGDOM
One of the greatest issues surrounding e-cigarettes is whether these devices are used as recreational drugs or medical treatment. 39 It is likely that e-cigarettes constitute both, complicating regulatory efforts. Although the United States has treated e-cigarettes like any other nicotinecontaining product, the United Kingdom has long focused on the potential of e-cigarettes as smokingcessation and harm-reduction tools. 39 In August 2015, Public Health England (PHE), an agency under England's Department of Health, issued a report stating that e-cigarettes were approximately 95% safer than traditional smoking. 40 It stated that, although e-cigarettes are not 100% safe, most of the dangerous, disease-causing chemicals in conventional cigarettes are missing and that the other known substances pose limited risks. 40 It further indicated that e-cigarette use can reduce health disparities caused by smoking by providing a relatively safe and economical approach to quit smoking. After the report, PHE issued a statement in conjunction with 12 health organizations, including the Royal College of Physicians, supporting the report and highlighting their belief that e-cigarettes are far less harmful and, accordingly, constitute an effective harm-reduction strategy. 41 In 2010, the PHE also created a licensing route for e-cigarettes as a medicine, which would require the products to meet medicinal standards and advertising conditions and to be prescribed by the National Health Service. 40 Given the high costs of the application to license e-cigarettes as medicine and the difficulty of meeting the medicinal requirements, since that PHE report, no e-cigarette producer had sought a license. Pursuant to the European Union 2014 Tobacco Products Directive, which set limits on the manufacture, appearance, and sale of e-cigarettes and other tobacco products for EU member states, the UK Medicines and Healthcare Products Regulatory Agency implemented new rules in May 2016 setting safety and quality standards for e-cigarettes, including caps on the total amount of nicotine for all consumer e-cigarettes. 42 The PHE report recommended the implementation of new regulations to maximize the benefits of e-cigarettes while also ensuring safety, suggesting that encouraging smokers to start using e-cigarettes may be a strategy to diminish smoking related death and disease. 40 
E-CIGARETTE REGULATION IN THE UNITED STATES
Many traditional laws governing tobacco at the federal, state, and local levels have generally not applied to e-cigarettes, because they do not contain tobacco but, rather, tobacco-derived substances, leaving them in a regulatory void. Federal regulation began in 2008, when the FDA started confiscating e-cigarettes, adding them to Import Alert 66-41 and instructing US Customs and Border Protection to reject their entry as unapproved drug and device combination products. Manufacturers responded by challenging the agency's authority to regulate e-cigarettes under the medical drug and device provisions of the Federal Food, Drug, and Cosmetics (FD&C) Act and to deny their products entry into the United States in the case of Sottera Inc vs FDA. 43 However, before the court's final decision in the Sottera case, Congress signed into law the 2009 Family Smoking Prevention and Tobacco Control Act (Tobacco Control Act), 44 giving the FDA immediate authority to regulate cigarettes, smokeless tobacco products, and loose tobacco. The Tobacco Control Act also provided authority for the agency to "deem" other tobacco products as subject to the Chapter IX Authorities of the FD&C Act.
In Sottera, based on the recently passed Tobacco Control Act, the court upheld the plaintiff's position that e-cigarettes could not be classified as drug and device combination products. However, in light of the Supreme Court's decision in FDA vs Brown & Williamson, 45 the court reasoned that the FDA could regulate such products under the Tobacco Control Act if the agency "deemed" the products to be subject to FDA regulation as tobacco products. In April 2011, the FDA announced that it would not appeal the Sottera decision but would comply with the jurisdictional bounds decided in the Supreme Court's opinion in Brown & Williamson. 46 Nearly 5 years later, in May 2016, the FDA issued a final rule 47 extending the agency's authority over all tobacco products, including e-cigarettes.
Local and State Laws Regulating E-Cigarettes
Because of the slow response of the FDA to issue deeming regulations granting the agency authority over e-cigarettes, states and localities were left to regulate e-cigarettes on their own. The 2009 Tobacco Control Act allows states to regulate tobacco, unless the policies diverge from or add to FDA standards regarding "tobacco product standards, premarket review, adulteration, misbranding, labeling, registration, good manufacturing standards, or modified-risk tobacco products." 48 However, states and localities retain authority to raise taxes on tobacco products, including e-cigarettes; implement smoke-free policies; establish minimum prices; raise the minimum legal sales age to 21 years; limit the sale of tobacco to certain retailers or their location or density; or prohibit a class of tobacco products. 49 Nonetheless, preemption issues exist particularly where the federal rule is very specific, as when it describes warnings and labeling requirements. A California district court recently ruled that state labeling requirements "different from, or in addition to" the FDA's requirements were preempted. 50 However, the court provided an exception, noting that California Proposition 65 could impose a warning in medias other than the label, such as advertisings and point-of-sale communications. 50 The 2016 Surgeon General's Report, E-Cigarette Use Among Youth and Young Adults, recommended a comprehensive strategy regarding e-cigarette regulation, highlighting the need for laws and policies at the federal, state, local, and tribal levels focusing on youth access, taxation, advertising, and education. 4 Nearly every state and hundreds of localities have passed laws restricting the use of e-cigarettes. 51, 52 Indeed, as of September 2016, 13 states and the District of Columbia include e-cigarettes in at least 1 state law's definition of "tobacco," which, depending on the law, could allow all existing tobacco regulations, such as taxes, age, smoke-free, and retail-based restrictions, to apply to e-cigarettes. 51 Alternatively, 10 states have passed broad smoke-free laws specific to e-cigarettes, prohibiting their use wherever smoking is also prohibited or nearly everywhere it is prohibited, as illustrated in Figure 1 . [51] [52] [53] [54] About one-half of states have passed narrower smoke-free laws specific to e-cigarettes, focusing on certain locations, such as schools, childcare facilities, correctional facilities, and state-owned property. 51, 53 Fortyeight states and the District of Columbia have implemented laws setting a minimum age for sales, possession, or use of e-cigarettes, as noted in Figure 2 . 51, 55, 56 Recently enacted federal regulations, as detailed below, have established a minimum age for the sale of e-cigarettes as 18 years.
1 However, this new regulation will not preempt states that have stricter age requirements for the purchase of e-cigarettes. 1 In 2009, California was the first state to the ban sale and distribution of e-cigarettes not approved by the FDA. 57 However, then Governor Arnold Schwarzenegger vetoed the bill, stating that he could not sign a bill that designates e-cigarettes as an FDA-regulated drug when the issue was currently under litigation. 58 Schwarzenegger was referring to the 2010 case, Sottera, discussed above. 43 Municipalities with sufficient home-rule authority have also passed hundreds of laws regulating the sales and use of e-cigarettes, often before their counterparts at the state level. In 2009, the city of Suffolk, New York, became the first jurisdiction in the United States to restrict the use of e-cigarettes in public places and prohibited anyone under 19 from purchasing the products. 59 Indeed, as of January 2, 2017, over 500 local jurisdictions have banned e-cigarette use where smoking is prohibited, and over 400 jurisdictions have banned their use in more specific venues like bars and restaurants or workplaces (such as in Chicago and Boston). 49, 53 
FDA Regulation of Electronic Cigarettes
Effective August 8, 2016, the FDA issued a final rule extending its authority by "deeming" products that meet the statutory definition of a "tobacco product" to be subject to the FD&C Act, as amended by the Tobacco Control Act. "Tobacco product" is broadly defined as "products made or derived from tobacco other than drugs, devices, or combination." 1, 60 Newly included products, for example, are premium and domestic cigars, pipe tobacco, e-cigarettes, hookah tobacco, dissolvable tobacco products, and nicotine gels. Although the statute excludes accessories, which must not affect or alter the performance, composition, constituents, or characteristics of a tobacco product (eg, ashtrays, hookah tongs, and cigar cutters), it includes components or parts that alter the tobacco product or are used for or with their consumption.
1
Deemed products must automatically comply with the regulatory requirements of cigarettes, cigarette tobacco, roll-your-own loose tobacco, and smokeless tobacco with respect to: 1) enforcement of misbranding and adulteration practices; 2) submission of ingredient listing and Harmful and Potentially Harmful Constituents reporting; 3) registration of manufacturing establishment and product listing; 4) advertising, including modified risk descriptors without FDA authorization (eg, "light," "low," "mild"); 5) prohibition of free sample distribution; and 6) requirements of premarket review. Regulations Regarding E-Cigarettes/Barraza et al Cancer August 15, 2017 subject to FDA approval. Manufacturers are all establishments that bend tobacco or mix liquids, and they are required to submit any relevant information on their application, including their product's ingredients, principles of operation, manufacturing facilities, and studies on health risks compared with other tobacco products. 61, 62 Products commercially available before February 2007, however, are "grandfathered in," and manufacturers have 12 months to submit an exemption request. For products on the market after that date but substantially similar to products on the market, manufacturers have 18 months to submit a "Substantial Equivalence" application. If no substantially similar product (also known as "predicate product") existed, then the manufacturer has 24 months to submit a complete "Premarket Tobacco Application."
The rules also established 3 additional restrictions for covered tobacco products: 1) a minimum purchase age of 18 years; 2) the presence of health warnings for product packages and advertisements; and 3) the prohibition of vending machine sales, unless the machine's location is inaccessible to minors at all times.
1 These requirements are specific to the newly deemed products and focus on addressing the growing consumption by minors and the public perception of low harm.
For rule application, the FDA recognizes that most e-cigarette products will require a complete Premarket Tobacco Application. Successful applications must show "that the marketing of a new tobacco product is appropriate for the protection of the public health," determined by a risk-benefit analysis taking the population as a whole. 58 In sum, the FDA takes into account: "A) the increased or decreased likelihood that existing users of tobacco products will stop using such products; and B) the increased or decreased likelihood that those who do not use tobacco products will start using such products." 58 Rule application for nicotine-free e-cigarettes is still unsettled. The FDA has reportedly submitted a nonanswer to a direct industry inquiry 63 and filed a crossmotion for summary judgment asking a District of Columbia district judge to not rule on the issue until it becomes ripe. 64 The cross-motion was filed in response to a lawsuit brought by the e-cigarettes manufacturer Nicopure Labs, LLC, and later consolidated to include 11 vaping advocacy groups; the motion broadly challenges the rulemaking procedures and constitutionality of the deeming rules and specifically challenges the application of the rules with regard to nicotine-free products. 64 In response to the latter issue, the FDA argued it has authority because, currently, all nicotine-free e-cigarettes either contain tobacco-derived substances (in flavoring, for example) or are intended to be mixed with other tobacco products, fitting within the tobacco "component" part of the regulation.
Regarding the broader challenge, most filed documents focus on the high cost of compliance. The FDA estimates that new applications, on average, will take 1500 hours to prepare and cost between $117,000 and $466,000. 65 Conversely, industry members claim that the actual cost is closer to between $1.68 and $2.48 million for vapor equipment and up to $2 million for liquids, which, given the small-business nature of the industry, renders the rules an effective ban for most e-cigarette manufacturers. 66, 67 However, the FDA has considered these costs in its regulatory impact analysis and has indicated that they are outweighed by public health benefits. 62 Thus, despite these challenges, both black-letter rules and their early application are consistent with the FDA's policy decision of considering e-cigarettes and other tobacco products in a broader public health context instead of solely based on the direct consumer. Moreover, although comparatively marketing e-cigarettes under the new rules may be stricter in the United States, even countries that are willing to recognize the benefits of ecigarettes as a smoking-cessation tool are enforcing increasingly broad and stringent rules. 68 The EU Tobacco Products Directive, as discussed above, requires product testing and government notification within 6 months; prohibits certain nicotine concentrations, flavorings, cartridge/tank sizes, and delivery speeds; and significantly restricts product promotion. 69 Therefore, in practice, the most noticeable distinction among countries may not necessarily derive from policy but focuses on their compliance costs.
CONCLUSION E-cigarettes are increasingly popular despite their unknown health risks. For several years, the e-cigarette industry grew rapidly in the United States while avoiding traditional regulation, because the products do not typically contain tobacco. However, e-cigarettes often contain tobacco-derived nicotine and other liquids with potentially harmful chemicals. Although e-cigarettes may be safer than traditional tobacco, their use as a smoking-cessation tool is currently unresolved, and their attractiveness to young and underserved populations is alarming.
These concerns, and the delay of federal regulation, led many local and state governments to address the regulatory void, incorporating e-cigarettes into their statutory definition of tobacco or passing specific laws. Several Review Article states have banned e-cigarettes from smoke-free areas, increased youth access restrictions, or taxed them as tobacco products. Effective August 2016, the FDA issued a final rule deeming e-cigarettes within their authority and providing uniform requirements, such as premarket approval applications, Harmful and Potentially Harmful Constituents reporting, warning labels, and establishing 18 years as a minimum age of purchase. States and localities will retain jurisdiction to further regulate e-cigarettes after the FDA's movement to regulate e-cigarettes at a federal level. Although the impact on the public's health from e-cigarettes may still be uncertain, regulations and laws governing e-cigarettes continue to develop.
FUNDING SUPPORT
No specific funding was disclosed.
